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Specific heat at constant pressure, cal/(g)(°K)

o= mp[ T L nD), ¢ o, - Do), ] )

Derivative of logarithm of pressure with respect to logarithm of density
at constant entropy

g = irTBK:IT— | (8)

Cocfficient of thermal conductivity, cal/(sec)(cm)(CK)

k:u(cp gg) (10)

Vhen conposition is assuzed to be frozen, eaurtions (7) snd (8)
becone

Sz=2cific heat at constont pressure sssuming frozen composition

cal/(g) (°K)

Z; ny (Cp)

(®p)erozen = I (11)

Drrdivative of

o ennctent

sause with veruaet to legeritbn of density
no Lveria cor rosition

/e \
z - Y = -
Wylriozen ) \0 )4 (12)
2 -v/irozen
Tha ywolveg of vigessiby ¢nld 0ol conductivivy for mixtures of
coBustion goses calenlated by niras of equations {9) and (10) are only
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epproximate. When more relisble transport properties for the various
products of cowzbustion become available, a more rigorous procedure for
computing the proparties of mixtures may also be Justified,

TEECIETICAL PRRFCUANCE DATA

The colculnted valuss of the verlous perforrmance parencters for a
corbustion pressure of 300 pouwads per square inch ebsolute and at exit
presgures corresponding to aliitudes of 0, 10,000, 20,C00, 30,000,
40,070, and 50,000 feet are piven in tchle II for ten equivalence ratios.
The values of pressure corrsrponding to the essigred sltitvies were tcken
from referecnce 6. £3 en 2ld to enzinz desipgn, the valuvza of the parsm-
cters within the rookot roncle for 80, €0, 100, 110, cud 120 peurcent of
the threst procrrse e tobvlatcd in tohle 11T, ?guilibriun ccimositien,
Y _, gpzcilic hoek ot concirnt pressure, coofiicleont of viscosity, coeffi-

s
cie P theronl cordvetlvity, ond =% in the ecihus~
tio LT ",d Lo onZoipced oxit % L o tahle. V.

>
1,0

i R T U eV L] P B

LoD TIOAC SLIDNANA O S UAB elumsy Lha
o

BT

nd thivefore was

b tohuloned in 10o0le IV.

T tL Clwvature. el :0zzlr-2xit teinera-
: f aetions uf
e obtalned w

-SN RN

i the exit tem-

povesint Y2l by vel ‘ ci_w

T n2or the stolebicaztirie ratio.
istie veloeity erd coolliclent of thwust ere plcﬁtﬂd In
ics or ti2 erea ot the P"1;¢? exxit to the srca

thro”? are chowa in figure 5 as functions’of weight percent fuel.

Curves of mzan moleculer welpght in the cowmbustion chamber and
nozzle exit ere wnlotted against welght percent fuel in figure 6.
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Curves of specific heat at constent pressure, coefficient of vis-
cosivy, and coefficient of thermal conductivity for six pressures are
plotted in figures 7 to 9 as functions of weight percent fuel,

Frozen cornosition. - In order to compare data basged on tne assunpe
tions of cauilicriva exnd frozen cozposition during the expansion process,
several additionrl calculations were msde assuming frozen composition.
These are prescnted in the following teble together with corresponding
equilibrium data for the stoichiometric equivalence ratio and expansion
to two altitudes:

Parameters Altitude
qea level 50,000 feet

Fouili- Frozen | Bquili- |Frozen

brium brium
I, 1b-coc/lb 311.0 | 237.9| 379.2 335,2
¢, ft/sec 7019 6650 | 7019 6550
1.426 | 1,385 1,73 1.617
se/st 3,803 | 3.131| 18.71 | 12.90
T.: °K 3113 2026 | 2130 1122
My 20.72 | 19.10 | 21.14 19.10

Th? norennteZe dalflercences 1n thzse porameters for frozen erd equilivrium
corzosition ere considorably higheor for expansion to 50,000 feet than for
expunsion to gea lavel,

For a cormwstlon-chen™er pressure of 300 pounds per squarve inch
tadety c’vhe cod cnoexid pressure of 1 etrosuvbare, the values of maximnvm
zeinic dmpulse e 511,05 pound-seconds por pound ot 24.1 pereent fuel
Wt for equillbriva corpositicn during expansion and 250.0 pound-
per pound at 25,7 porcent fuzl by welght for frozen corposition

expunsion, N

Chazber nressvre effect. - According to NACA data for liguid hydra-
zin: with lJﬁawa flLOf-D‘, Zhe perer2ters c°, Cp, end Se/u¢ are very

rzorly linzar with the legorithm of chamber pressure for a fixed equiva-
lence ratio snd expar.lon yotlo. For the stolchicr:tric equivalence
ratio, ilvcressing <thser pressvre by a foctor of 2 resulted in a change
of +1.0 percent for c¢¥% end changes of -0.1 percent for Cp end

-«1.0 percent for S»/St for an expansion ratio of 20.41; and changes of
-0.6 percent for Cp and -3.3 percent for S¢/St¢ for an expansion restio
of 326.5, It is expected that the values of c®, Cp, cnd S./S; given

in this report for liquid ammonia with liquid fluorine for a chamber
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pressure of 300 pounds per square inch absolute may be used at other

chamber pressures with similar small differences.
be obtained by additional performance computations for cther chamber pres-

sures.

Lewis Flight Propulsion Leboratory

National Advisory Cormmittee for Aeronautlics
Cleveland, Ohio
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TABLE I. - PROPERTIES OF LIGUID PRCPELLANTS

[Temperatures in superscripts, OCJ

~e5”

Propellant — Armonia Fluorine

1 Properties
Folecular weight, M 17.032 38.00
Density, gfce 80,68-33.4 by ,54-186
Freezing point, °C C.77.76 €.217.96
Boiling point, °C €.33,43 ¢_187.92
Viscosity, centipoises 8,255799+% | ...
Enthalpy of forimticn at boiling point

frcu elements at 25 ©C, A, keal/mole d.17.14 §-3.030
Entbalpy of vaporization, AH, kcal/mole | ©5,581-33.43| ¢) 57-187.92
Enthalpy of fuslon, AH, kecal/mole €1.351-77.76 | e, 372-217.96
8Reference 3.
bReference 4,
cReference 2.
dReference 5.
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